High pressure phase transition of ZnO/SiO2 core/shell nanospheres J. Appl. Phys. 113, 054314 (2013) Nonlinear bleaching, absorption, and scattering of 532-nm-irradiated plasmonic nanoparticles J. Appl. Phys. 113, 053107 (2013) Optimal conditions for magnetization reversal of nanocluster assemblies with random properties J. Appl. Phys. 113, 043902 (2013) Surface plasmon enhanced photoluminescence and Raman scattering of ultra thin ZnO-Au hybrid nanoparticles J. Appl. Phys. 113, 033512 (2013) On the dynamics of Cu ions injection into low-k nanoporous materials under oscillating applied fields J. Appl. Phys. 113, 034104 (2013) Additional information on J. Appl. Phys. ZnSe nanowires were grown onto Mo transmission electron microscopy ͑TEM͒ grids by MBE by suitably varying the growth parameters. In situ and high-resolution TEM studies were carried out to understand the structure, defects, and growth mechanism of this nanowire. The nanowire morphology is very sensitive to the growth parameters involved. Twin boundaries are the most commonly occurring defects in the nanowires grown under Zn-rich condition and catalytic gold particles of irregular shape are observed along the nanowire body. In the course of in situ heating the shape of the nanowire tip is observed to change at ϳ178°C. Definite growth of the nanowire starts at ϳ235°C. The diameter of the grown nanowire is almost equal to that of the catalyst gold particle present at the tip of the nanowire. In situ experimental observation and available phase-diagram information strongly suggests that nanowire growth should be possible with a solid catalyst particle though it does not rule out the possibility of the existence of a VLS mechanism.
I. INTRODUCTION
So-called one-dimensional structures of compound semiconductors, such as nanowires, nanobelts, and nanosaws, are now of significant research interest because of their potential applications in nanoscale electronics and photonics. [1] [2] [3] ZnSe is an important II-VI semiconductor because of its suitability for short-wavelength optoelectronic devices. 4 Successful application of a device is critically dependent on its structure and on any interfaces created during the growth. 5 Costeffective application can only be realized if the nanostructures are self-assembled, which requires a clear understanding of the growth mechanism. ZnSe-nanowire growth by vapor-phase deposition ͑CVD͒, metalorganic chemical-vapor deposition ͑MOCVD͒, molecular-beam epitaxy ͑MBE͒, and thermochemical processes at various growth temperatures has been reported. MBE is currently the technique of choice because ZnSe-based lasers with good performance and long lifetime can be produced with material grown by this technique. 6 Widely varied growth temperatures from 300°C to 530°C have been reported for this nanowire. 6, 7 ZnSenanowire growth at 1250°C by thermochemical process has been reported. 8 Hydrothermal synthesis of other metalselenide nanowire has also been reported. 9 The first ever wirelike morphology in metallic and ceramic systems was observed more than half a century ago 10, 11 and the growth mechanism of this particular morphology was proposed more than four decades ago. 12 However, the structure and defects are still not totally understood and the growth mechanism is debated. There are examples in which existing proposals for growth mechanisms fail to explain the experimental evidence and there is no definite proof for the new proposed growth mechanisms.
Gold nanoparticles are the most frequently used catalysts for ZnSe-nanowire growth though Zn-catalyzed growth of ZnSe nanowires has also been reported. 8 Irrespective of the growth temperature, it has been assumed that the catalyst is in the liquid state, and that the wires grow by the well-known VLS growth mechanism. 12 The alternative is that the mechanism does not involve a liquid-phase. 6, 13 According to this VSS model, solid catalytic nanoparticles are exposed to the vapor phase; diffusion of the nanowire material through the nanoparticle then leads to nanowire growth. This theory does not require the existence of a eutectic temperature or heating of the particle above the eutectic temperature. However, this theory does not explain at present why the nanowire morphology develops rather than other possible morphologies.
It is envisaged that in the near future nanowires will be an indispensable component of nanoelectronic devices. 4 It is also recognized that the electronic properties of such nanowires are very sensitive to the structure, defects, and interfaces. There are very few reports on structural defects 4 and interfaces in nanowires. It has been widely reported in the literature that the nanowire diameter is controlled by the size of the catalyst. It has also often been observed that the nanowire tapers from the base toward the tip. This tapering clearly suggests a decrease in the volume of the catalytic particles during growth but there is no definite proof as to where the catalyst is lost during growth.
In the present work, ZnSe nanowires grown by MBE have been studied in order to understand the structure, defects, interfaces, and growth mechanism of the nanowire. The important observations of this work can be summarized to give further understanding of the nanowire growth mechanism.
II. EXPERIMENTAL TECHNIQUES
ZnSe nanowires were grown onto 300-mesh Mo transmission electron microscopy ͑TEM͒ grids by solid-source MBE. A 20-nm-thick SiO 2 layer was initially sputtered on the grid prior depositing a thin ͑0.5-2 nm͒ Au catalyst layer. Elemental Zn and Se were evaporated on the grid for 1 h, while the substrate temperature was kept at 450°C, as measured by an infrared pyrometer. The Se flux was fixed for all samples, whereas the Zn flux was varied to achieve different Zn/Se beam pressure ratios ͑BPRs͒. Details of the processing parameters have been reported elsewhere. 6, 7 As-grown nanowires, the structure of the catalyst particles and the morphology of these particles were characterized using a Tecnai T12 TEM operated at 120 kV; a Tecnai G2 F30 TEM operated at 300 kV was used for high-resolution and composition characterization. Scanning transmission electron microscopy ͑STEM͒ and high-angle annular-detector dark-field imaging ͑HAADF͒ were used to observe the nanowires under massthickness contrast in order to detect any elemental segregation. In order to observe possible growth of the nanowires, two in situ heating-stage studies were conducted using a Gatan double-tilt heating holder. The nanowires were heated from room temperature to 600°C at a heating rate of 1°C/ min; samples were stabilized at 100°C intervals.
While heating, images were recorded continuously at intervals of 1.65 s. In one study, one nanowire tip was observed continuously; in a second study a number of tips were observed concurrently. After heating, the nanowires were characterized as described above in order to obtain post heating information.
III. RESULTS
TEM images of the ZnSe nanowires grown by MBE technique with different growth parameters are shown in Figs. 1͑a͒ and 1͑b͒ . The BPRs used for samples ͓Fig. 1͑a͒ and 1͑b͔͒ were 2.5 and 0.4, respectively. The nanowires in Fig. 1͑a͒ were grown under Zn-rich conditions, whereas nanowires in Fig. 1͑b͒ were grown under Se-rich conditions. It can be seen that the nanowire morphology is very sensitive to the growth parameters involved. In Fig. 1͑a͒ the nanowires are almost 80 nm wide at the base and about 30-40 nm wide at the tip and the wires are more than 1 m long. The wires are often bent and one side of the wires is not smooth making these more similar to the nanosaw morphology. A 30-40 nm sized catalyst particle can be observed at the end of each nanowire. These catalyst particles are irregular in shape. The morphology of the nanowires in Fig. 1͑b͒ is different. The wires are longer than in Fig. 1͑a͒ ; they are less tapered and the undulation on the surface is not present. Though at the tip of each nanowire, a catalytic gold particle is observed, each particle is almost spherical and about 20 nm in diameter. Electron diffraction ͑Fig. 1 inset͒ from these samples indicates that the nanowires have the hexagonal wurtzite structure as observed in the selected area diffraction patterns with a lattice parameter very close to the reported value for the bulk material. However, the cubic polymorph of ZnSe has very similar d spacings. A detailed analysis of the diffraction patterns is given in Table I . It is observed that a number of Debye rings are present in the diffraction pattern, which would not have been present for cubic ZnSe. This shows that the nanowires are primarily hexagonal in structure but that the cubic polymorph could also be present. A brief comparison of the two types of nanowires suggests that the nanowires in Fig. 1͑a͒ are relatively more tapered than those in Fig. 1͑b͒ .
A montage of enlarged images of one of the nanowires in Fig. 1͑a͒ ͑sample grown under a Zn-rich environment͒ is given in Fig. 2 . At higher magnification, a 3-5 nm thick amorphous layer can be seen at the nanowire body. A number of fringes running along the length of the nanowire body and a few short fringes in the transverse direction, spread irregularly over the length of the nanowire can be observed. This contrast arises from defects present in the nanowire body. The catalytic tip is irregular and flowerlike in shape. This shape is due to the presence of unreacted ZnSe at the tip of the nanowire. High-resolution TEM images of the catalyst tip from both types of sample are shown in Figs. 3͑a͒-3͑c͒. The micrographs in Figs. 3͑a͒ and 3͑b͒ are from the sample shown in Fig. 1͑a͒ ͑sample grown under a Zn-rich environment͒; the remaining image is from the sample shown in Fig. 1͑b͒ ͑sample grown under a Se-rich environment͒. The lattice fringes observed in Figs. 3͑a͒ and 3͑b͒ closely match with ZnSe, indicating a definitive presence of unreacted ZnSe at the nanowire tip. In Figs. 3͑a͒ and 3͑b͒ lattice fringe of similar spacing can be observed in various directions. This indicates that the unreacted ZnSe is polycrystalline in nature though the boundary between the crystals cannot be clearly resolved. The polycrystalline grains are 5-10 nm in size and a 3-5 nm thick amorphous layer surrounds the catalytic tip. In comparison to Figs. 3͑a͒ and 3͑b͒ the nature of the catalyst tip in Fig. 3͑c͒ is different. In the high-resolution image the d spacing matches with FCC gold. The catalyst is 2-3 nm in size and it is spherical in shape. It can be concluded that in the nanowires shown in Fig. 1͑a͒ , unreacted ZnSe is present whereas in the other sample it is barely detectable. The extent of the completeness of the reaction leads to a change in the shape of the nanowire tip.
A high-resolution TEM image of the body of a nanowire in Fig. 1͑b͒ ͑sample grown under a Se-rich environment͒ is shown in Fig. 4 . Lattice fringes with a 3.22 Å spacing can be observed. These fringes may be associated with either the 0002 planes of wurtzite ZnSe or the 111 planes of cubic ZnSe. These planes are perpendicular to the direction of nanowire growth. As only one set of lattice fringes could be resolved for this nanowire, the growth direction could not be determined with certainty. In this image no lattice defect can be observed in the nanowire body; a 1-2 nm thick amorphous layer can be observed enclosing the nanowire body. A high-resolution TEM image of a nanowire body in Fig. 1͑a͒ ͑sample grown under a Zn-rich environment͒ is given in Fig.  5 . As it has been mentioned earlier, these nanowires are ϳ80 nm thick at the base and ϳ30 nm thick at the tip. High-resolution imaging through a thickness of 80 nm is not expected to yield a very good lattice image. Moreover, as the wires are grown onto a TEM grid, their mechanical stability also affects image quality; the nanowires tend to vibrate. However, in some parts of the image cross-fringe pattern could be observed. Analysis of the pattern reveals that the nanowire is cubic in structure and the wire is oriented approximately along the 110 zone axis. Several 111 twin planes could be observed. Such twin boundaries are the most commonly occurring defects in this nanowire. This further confirms that cubic ZnSe phase is also present in the sample. The twins are the origin of the elongated fringelike contrast in the Fig. 2 . A STEM ͑scanning TEM͒ image and HAADF image of a nanowire shown in Fig. 1͑a͒ ͑sample grown under a Znrich environment͒, are given in Figs. 6͑a͒ and 6͑b͒, respectively. In the micrograph the usual tapered nature of the nanowire can be observed. Additionally, a few dark patches in the STEM image and corresponding bright patches in the HAADF image can be observed. The contrast mechanism in the STEM and HAADF images and corresponding composition maps suggest that the contrast arises from the presence of gold particles along the nanowire body. The particles are irregular in shape and their size may range up to 20 nm. Figure 7 shows a TEM image sequence for in situ heating of one of the nanowires shown in Fig. 1͑a͒ ͑sample grown under a Zn-rich environment͒. It can be observed from the images that at 20°C, the catalyst tip is irregular indicating the presence of unreacted ZnSe at the nanowire tip. The gold catalyst is almost spherical and is ϳ10 nm in diameter. The overall tip region, comprising Au and unreacted ZnSe is ϳ50 nm in diameter. At ϳ178°C, a protruded "flower" morphology can be observed at the unreacted ZnSe whereas the size of the Au catalyst remains unchanged.
Definite growth of the nanowire starts at 235°C and the protrusions take on a bent nanowire shape. The diameter of the nanowire is ϳ10 nm, which is almost equal to the gold catalyst particle present at the tip of the nanowire. With the progress of the heat treatment and the rise in temperature, other protrusions also take the shape of nanowires; they are all connected to the gold catalyst, each having a diameter of ϳ10 nm. At 300°C, the initially unreacted ZnSe is almost totally converted to four different nanowires of 10 nm diameter. This observation clearly indicates that the diameter of the nanowire is related to the catalyst particle present at the tip of the wire. The nanowire was heated to 600°C but no further change in the shape of the gold catalyst particles or of the wires could be observed.
In a different annealing treatment a number of nanowires from the sample shown in Fig. 1͑b͒ ͑sample grown under a Se-rich condition͒ were observed while they were heated in the microscope from room temperature to 600°C. In this study the change in the size and shape of the gold catalyst particles was observed carefully. Because in the TEM, a twodimensional projection of a three-dimensional object is obtained, it is not easy to determine any loss of material from the particle or their size reduction. In order to estimate the size, the projected major axis, minor axis, and area of the 
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catalyst particles have been measured. The change in the projected length of major axis, minor axis, and the area of two different catalyst particles are given in Fig. 8 . In both figures a gradual decrease of the projected lengths and the projected area has been observed. The variation that is observed in some of the curves can be attributed to the out-ofplane bending of the nanowires leading to a change in the projected view. In both cases the curves reach the minimum at a temperature just above 200°C to just below 250°C. After that the curves become almost parallel to the temperature axis. This observation clearly indicates that the size of the catalyst particles also changes in the same temperature regime where nanowire growth was observed for the other sample. This can be attributed to the diffusion of dissolved Zn and Se from the catalyst particle. During this in situ heating experiment, any change in contrast in the catalyst particle was carefully monitored. Within the scanned temperature range, any signature of melting of the nanoparticle could not be detected.
IV. DISCUSSION
It has been observed in this work that nanowire morphology is extremely sensitive to the processing parameters. The two different nanowire samples studied in the present work are morphologically very different because of the difference in the processing parameters. In the samples both hexagonal and cubic polymorphs of ZnSe are present. In the   FIG. 8 . ͑Color online͒ Gradual decrease in the projected major axis, minor axis, and the area of the catalytic tips of two different nanowires as observed during in situ heating.
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nanowires grown under Zn-rich condition ͓Fig. 1͑a͔͒, unreacted ZnSe is present at the tip along with the gold catalyst. In this case the tip is larger in size and is irregular in shape.
In the nanowires grown under Se-rich condition ͓Fig. 1͑b͔͒, the gold catalysts are smaller in size and regular in shape. In these nanowires, unreacted ZnSe cannot be observed at the nanowire tip. It can be concluded from this observation that Se-rich conditions yield good-quality nanowires, whereas Zn-rich conditions lead to tapered and very defected nanosaw type morphology. The irregular flower-shaped tips also form under Zn-rich conditions only. Philipose et al. 14 have reported that Zn-rich conditions result in a better structural and optical quality of ZnSe nanowire, compared to the Se-rich conditions. In this study the trend seems to be inverted. Philipose et al. 14 used vapor-phase growth in Ar at 650°C, in this case nanowires were grown by MBE in vacuum at 450°C. At low growth temperatures, therefore, the trend seems to be inverted.
A very thin amorphous layer can be observed around the nanowire body and the tip in both the samples. The presence of a thin amorphous layer at the nanowire body has been reported by Hofmann et al. 15 Such a layer has been attributed to the formation of a native oxide film on the surface of the nanowire. In the present work occasionally amorphous layer has been observed but buildup of an amorphous layer at the nanowire body has not been observed to occur with increased exposure of the sample to the electron beam. The surface structure of the wires is also dependent on the growth parameters. In one case the surface is undulated making these wires more similar to the nanosaws; in other case the nanowires are straight and their surfaces are flat. Undulation at the nanowire surface has often been attributed to migration of the gold catalyst to the nanowire body, where it then acts as a catalyst for an individual secondary nanowire growth. 16 Kodambaka et al. 17 have also reported that the nanowire growth morphology and kinetics are sensitive to the growth parameters and that the electron beam has no effect on Si nanowire growth. The most commonly observed growth defects are twin boundaries. The presence of periodically spaced twin boundaries has been reported by Li et al.
͑2004͒.
4 For the case of cubic ZnSe nanowires a linear relationship between the nanowire diameter and the periodic spacing of the twin boundaries was reported. Twin formation is generally associated with the decrease in elastic strain energy at the surface of the nanowire. Such growth defects may have important consequences on the electronic properties of these wires.
It has been reported in earlier literature that the diameter of the nanowires strongly correlates to the size of the catalyst particles present at the tip of the wire. 18, 19 It has also been postulated that the minimization of surface free energy between the liquid catalyst droplet and the growing crystal planes determines the nanowire growth direction. Often, for very small diameter, nanowire growth direction is determined by the surface energy of the nanowire. Following this criteria, cubic and hexagonal ZnSe nanowires grow in the 111 and 0001 directions, respectively. 4 In the present study, the cubic and hexagonal forms of ZnSe have been observed, although growth of cubic ZnSe nanowire in several directions has been reported previously. 20 In many cases the nanowires taper while they grow strongly indicating a loss of catalyst material during growth. In this work gold nanoparticles have been observed at the nanowire body and their chemical identity has been confirmed by EDS analysis. Kamins et al. ͑2001͒ have shown by EDS that the Ti clusters segregated along the Si nanowire body during growth. 21 Kodambaka et al. ͑2006͒ have speculated that incorporation of the Au catalyst at the nanowire body during the nanowire growth leads to tapering. 22 They have also reported that the incorporation of oxygen during nanowire growth produces a thin layer of oxide, which modifies the mobility of the catalyst resulting in uniformity in the diameter of the nanowire. Supersaturation of the adsorbed atoms and the importance of surface diffusion for different other elemental and compound nanowires have been reported in literature. 23, 24 It can be concluded from this observation that during nanowire growth, gold nanoparticles are distributed randomly on the nanowire body leading to a decrease in the catalyst particle size. As the nanowire diameter is strongly related to the catalyst particle size at the top, nanowires also taper while they grow.
The VLS mechanism is the most widely accepted growth mechanism. It is assumed that a catalyst nanoparticle assists the growth and controls of the diameter of the nanowire. Above a certain temperature the catalytic nanoparticle becomes liquid and it is exposed to the vapor of the growing nanowire material. The nanowire material slowly dissolves into the nanoparticle and when it becomes supersaturated, following continuous exposure of the nanowire material, solute partitioning and rejection of the solute takes place from other side of the liquid droplet leading to nanowire growth.
The inherent assumption is that there must be a eutectic between the catalytic nanoparticle and nanowire material. This is required to take the pure catalytic nanoparticle above the melting temperature and then as the nanowire material starts dissolving, it should be possible to maintain the liquid state even at a lower temperature. This theory does not explain why solute partitioning takes place only from the other side leading to a nanowire growth and not to a particle with a different core. The development of this particular morphology may be explained from the structural anisotropy of the crystal. A schematic of nanowire growth by the VLS mechanism is given in Fig. 9 . Nanowire growth has been observed below the eutectic temperature 19, 25 suggesting that the catalyst particle is not in the molten state; a composition analysis of the catalyst tip after growth termination at various stages indicates that the nanowire growth may occur while the catalyst particle is in the solid state. 13 The computational model in support of this growth mechanism fits very well with the experimental observations. Kamins et al. ͑2001͒ have shown that Si nanowire growth is possible below the melting tem- FIG. 9 . ͑Color online͒ Schematic of the VLS growth mechanism of nanowire.
064302-6
Basu et al. J. Appl. Phys. 104, 064302 ͑2008͒ perature of TiSi 2 by solid-state diffusion of Si. 21 The diffusivity of Si along the surface and nanoparticle body matches very well with the nanowire growth rate observed in that work. It has been proposed that the catalytic action of Ti is involved in the decomposition of the Si containing precursor gas and that the resulting product takes the wire shape in order to avoid generating additional interface. Systematic heat treatments and compositional analysis of the catalyst particle in Au-assisted InAs nanowire growth by MOVPE shows that InAs nanowire growth is possible far below the eutectic temperature. All the related evidence indicates that the nanowires grew by solid-state diffusion through the Au catalyst particle. 26 The question that may be asked at this point is then how the Au thin film evolved into nanoparticles while nanowires grew. Although this is not the primary focus of the paper, solid-state dewetting is widely reported in literature. 27 Contrary to this Wu and Yang ͑2001͒ have shown by an in situ heating experiment that Ge vapor dissolves into a liquid Au catalyst and then, due to supersaturation nucleates Ge nanowires from liquid Au. 28 The heat treatment in that study was carried out at 900°C in vacuum.
In other studies of the nanowire growth mechanism it has been reported that the Au catalyst was in a liquid state though the growth took place at a temperature significantly below the melting temperature of gold. 20 One possible origin of melting point depression is the Gibbs-Thompson effect which results from the finite size and surface energy of the crystal. 29 A calculation for a pure gold crystal of 40 nm diameter shows that a melting point depression of 60-65°C is possible. 30 A melting point depression of few hundred degrees is unreasonable for gold nanoparticles. The melting and solidification behavior of other metallic nanoparticles in embedded systems indicates that the melting point depends on thermal history, interfacial energy and many other parameters, which are not totally understood. Although melting point depression of several hundred degrees has not been reported. [31] [32] [33] [34] [35] [36] [37] Recent in situ environmental microscopy work by Kodambaka et al. 38 shows that the physical state of the nanoparticle depends on various parameters. The size of the catalyst, the pressure of the gas inside the microscope, the supersaturation, and the degree of undercooling all have a strong influence on the physical state of the catalyst particle. These authors did not observe an electron-beam effect on the physical state of the particle. They have shown that Ge nanowire growth is possible with both solid and liquid Au catalyst particles. 38 Hofmann et al. 39 have proved beyond ambiguity that Si nanowire growth is possible with a solid catalyst particle.
In situ experiments carried out in the course of the present work definitely indicates that nanowire growth is possible below the eutectic temperature when the catalyst particle is in the solid state. These experiments were carried out in the microscope under high-vacuum condition without thermal cycling. In this case the effect of gas and thermal undercooling can be ruled out. It has to be understood at this point that the growth of nanowire involves kinetic and thermodynamic interplay. In the present study nanowires grew in the microscope in the temperature range of 250-300°C because of the very slow heating rate that was used during the experiment. With a faster heating rate the nanowires may grow at a relatively high temperature. It can be easily understood that the temperature-composition path followed by the catalyst particle in VLS and VSS mechanisms are quite different. The temperature-composition path followed by the catalyst particle for VLS and VSS mechanism has been superimposed on a binary phase diagram and has been schematically presented in Fig. 10 . It can be understood from Fig.  10 that starting with a pure catalyst particle, the sample must be heated so that dissolution of the nanowire materials will start. At this point the temperature of the alloyed catalyst particle can be kept constant or it may be cooled in such a way that it follows the liquidus line. If the temperature is kept constant then after supersaturation nanowire growth will take place, or if it is cooled down at a steady rate then nanowire growth will take place at the eutectic temperature. In another situation, nanowire material may dissolve into a solid catalyst particle at a moderately high temperature so that subsequently, at a particular composition, it becomes liquid.
In comparison to this process, in the VSS mechanism the solid catalyst can be heated up to a sufficiently high temperature so that it may provide a diffusion path for the nanowire material. The melting point of Au is 1064.43°C. MBE growth of ZnSe nanowires with Au catalyst takes place at 600°C and the samples in the present study were grown at 450°C. This definitely indicates that the Au nanoparticle never goes to a liquid state if it remains pure gold. This postulate can further be substantiated by phase-diagram information. The ternary phase diagram of Zn-Se-Au is not complete but no eutectic reaction has been observed in the binary vertical section of ZnSe-Au. The Au-Zn phase diagram is complicated with a number of binary intermetallics. The only eutectic between Au and Zn occurs at 683°C with about 30 at. % Zn. The Au-Se phase diagram is not fully determined but the only reported eutectic between Au and Se takes place at 760°C with 30 at. % Se. For the VLS mechanism to be operative, the reaction temperature must be above 600°C in order to form the liquid state. The fact that must be considered is that at the nanometer scale the contribution of the interfacial energy becomes considerable which may result in depression in the melting point and the eutectic temperature, 40 however, depression of the order of a hundred degrees has not been reported. This also indicates the possibility that the Au particle is in the solid state. In situ experimental observation and available phase-diagram information strongly suggests that nanowire growth should be possible while the catalyst particle is in the solid state though it does not rule out the possibility of the existence of a VLS mechanism.
V. CONCLUSIONS
It can be concluded from the present study that 1͒ Nanowire morphology is strongly dependent on the growth parameters. A thin amorphous layer can be observed around the nanowire body and the catalyst particle. Twins are occasionally present at the nanowire body. 2͒ Nanowire tips are irregular in shape when unreacted
ZnSe is present at the tip of the nanowire. Unreacted ZnSe is polycrystalline in nature. Catalyst particles are almost spherical/hemispherical when almost no unreacted ZnSe is present at the nanowire tip. 3͒ During growth Au catalyst particles are deposited at the nanowire body causing a size reduction and tapering of the nanowire. 4͒ In the light of the available data and experimental observations it can be concluded that nanowire growth occurs by the VSS mechanism in this case.
